Abstract-The genetic variability of 18 American Pit Bull Terriers bred in Italy was studied using 21 STR markers from the panels recommended for the 2006, 2008 and 2010 ISAG canine comparison test and the genealogical information. As expected, all statistical analysis showed a reduced genetic variability. It is there fore recommended greater attention in the programming of mating with an increase of gene flow among farmers, which would reduce the average inbreeding in the population and increase genetic variability.
INTRODUCTION
The American Pit Bull Terrier arises from the crossing of the white English Terrier and the Old Bull dog from the end of the nineteenth century and the first Pit Bull arrived in Italy in the late '70s; now in Italy there are about 60 regular farms. The American Pit Bull Terrier is not recognized as a breed by the FCI (Federation Cynologique International) or ENCI (National Italian Kennel Club); the UKC (United Kennel Club) and ADBA (American Dog Breeders Association) are the organizations that recognize the Pit Bull in their records and that follow the selection even if maintaining slightly different morpho charac ter standards.
In the selection the inbreeding is used as a mating method because it allows to fix the characteristics and traits of the best representatives of a breed.
Nevertheless the employment of few reproducers is able to bring to an excessive increase of the inbreeding so the mortality of puppies can significantly increase [1] and a positive correlation was shown between the frequency of some genetic diseases and the average coefficient of inbreeding [2] . Moreover, purebred dogs often have to deal with genetic diseases and more than 400 genetic diseases are registered in this species [3] . The traditional approach for evaluating the genetic variation present in a population is to estimate the mean coefficient of inbreeding from genealogical data. This method has been extensively used in dog breeds 1 The article is published in the original. [4] [5] [6] ; however, it is well known that it may result in erroneous estimates because of incomplete records and/or pedigree errors. More recently, the consider able advances in molecular genetics have provided a convenient way for characterizing the genetic struc ture of populations. The genetic structure of the domestic dog has been investigated using mitochon drial DNA [7, 8] , or microsatellite markers [9] [10] [11] [12] or both [13] .
In this work we wanted to do a real photo of the genetic variability of the Pit Bull Terriers bred in Italy, using the available genealogical information, and the results of molecular analysis performed on 18 dogs belonging to an Italian herd.
MATERIALS AND METHODS
Animals and genealogical data. The research was carried out in 2011 in an Italian Pit Bull Terrier dog herd. A total of 18 dogs were studied. Genealogical data and a blood sample of each animal were acquired. The inbreeding coefficients (F), the number of inbreds and average inbreeding coefficient for each traced generation were performed using the program ENDOG v.4.6 [14] . The number of inbreds, the average inbreeding coefficient and the average coancestry in the 18 dogs were performed using CFC software [15] [20] . Genomic and statistical analysis. Genomic DNA was extracted from 5 mL of peripheral blood samples and DNA was isolated using the Genelute blood genomic DNA kit (Sigma).
The 21 microsatellites investigated belonged to a markers panel proposed from ISAG/FAO, for the "measurements of Domestic Animal Diversity" (ISAG/FAO 2004) and located in 19 chromosomes. Primer sequences for the microsatellites are available at the Web site (http://dad.fao.org/en/refer/library/ guidelin/marker.pdf). The 21 microsatellites were amplified in 5 multiplexes PCR reactions.
Amplification of the five multiplex was carried out in a total reaction volume of 10 μL consisting of 6.25 μL MasterMix (Qiagen Multiplex PCR kit), 0.1 μL of each primer (10 μM), 1 μL of DNA sample (2 ng/μL) and 1.55 μL of H 2 O. The PCR reaction was carried out on a Gene Amp PCR System 2700 thermal cycler (Applera) by an initial denaturation at 95°C for 15 min, followed by 47 cycles at 95°C for 30 s, 58°C for 90 s and 72°C for 60 s. The thermal profile ended with a final extension at 60°C for 30 min. Amplicons were separated and detected by capillary electrophoresis on an ABI Prism 310 Genetic Analyzer (Applied Bio sys tems) using POP4 and a 36 cm capillary array. Appar ent DNA fragment size was analyzed with the internal size standard Genescan 500ROX and GeneMapper Analysis Version 4.0 software (Applied Biosystems).
Genetic similarities of animals were investigated by comparing the individual multilocus genotype of each individual with each other [16] . Genetic similarity is defined as P = A/2L, where P is the proportion of common alleles (A) in relation to the 2L possibilities (L-number of considered loci). The similarities between each pair of individuals were then averaged over the whole population. The following parameters were computed at the population level using the pro gram MolKin (v.2.0) [17] : molecular coancestry coef ficients [18] , kinship distance, and the mean polymor phism information content (PIC).
Exact tests for deviations from the Hardy Weinberg equilibrium (HWE), and pair wise linkage disequilib rium among microsatellite loci and F IS value were per formed using the ARLEQUIN package [19] .
The molecular coancestry between two individuals, i and j (f ij ), is the probability that two randomly sam pled alleles from the same locus in two individuals are identical by state [18] . The molecular coancestry of an individual i with itself is self coancestry (s i ), which is related to the coefficient of inbreeding of an individual i (F i ) by the formula F i = 2s i -1. In turn, the kinship distance (Dk) between two individuals i and [18] . MolKin computes within breed molecular coancestry and D k by simply averaging the corresponding values for all the within-population pairs of individuals.
RESULTS AND DISCUSSION Analysis of the pedigrees of the 18 analyzed dogs shows that the complete database results in 775 dogs (346 males and 429 females), 204 of which were inbreds.
The mean F in the whole database was 3.73%, that it was a medium value in comparison at what reported on others breeds (3, 5, 20, 21) .
The value of 3.73% higher than 3.125%, which is the value resulting from the mating of two animals shar ing a single grandparent, seemed to suggest a close relat edness among the animals. In fact the coefficient of inbreeding is less than 5% in 44 dogs, whereas it is more than 20% (with values that exceeds 40%) in 55 dogs. Values higher than 40% correspond to the closest inbreeding, when breeding of brothers with sisters or parents with descendants takes places in several suc cessive generations. Table 1 shows, in the whole database, the evolution of the average coefficient of inbreeding and the aver age relatedness coefficient within the different gener ations. As we can see, the depth of the pedigree was equal to 15 generations.
The inbreeding for each traced generation was high in all generations, with peaks around 11% in dogs belonging to the 6 th and 13 th generation, while the average relatedness coefficient was around 2.50% value starting from the dogs with 6 traced generation.
The percentage of inbreds has an increasing trend with the values greater than 80% from the dogs with 9 generations traced. Of course the average inbreeding of inbred individuals is higher than the average inbreeding per generation, with a range from 6.69% in subjects with 14 traced generations up to a maximum of 19.37% in dogs with 4 traced generations.
Considering instead the 18 dogs the average coancestry and the average inbreeding amounted to 15.10 and 6.84% respectively.
The value 0.151 is a quite high value, but it is due to the fact that all subjects are related.
The inbreeding coefficients were higher than 6.25%, i.e. the value resulting from the mating of two animals sharing two grandparents (cousin mating). This is a critical maximum that is not exceeded when mating principles are applied on many farms.
With the exception of 3 dogs, all sampled subjects were inbred; of these last, 7 dogs have a coefficient acceptable (less than 5%), while 5 dogs have a high coefficient of inbreeding (between 12.27 and 25.52%).
Concerning molecular data, all 21 loci were poly morphic and had a total of 103 alleles ranging from 3 (REN105L03, AHTh171 and REN247M23) to 11 (AHTh206) ( Table 2 ). The mean number of alleles per Vol. 47 No. 4 2013 [24] and by Jordana et al. [26] on a group of 10 Spanish dog breeds (F IS = 0.040). Such moderate values of F IS can easily be explained by non random mating or popula tion subdivision, or even by mating between relatives. Alternatively, some null alleles could be present that cause apparent heterozygote deficit [34] ; however, the F IS values were rather homogeneous among loci, and this evidence points against such an explanation.
The mean polymorphism information content (PIC) was 0.599 with a range of 0.342 (INU055) and 0.819 (AHT137). This parameter was originally intro duced by Botstein et al. [28] . It refers to the value of a marker for detecting polymorphism within a popula tion, depending on the number of detectable alleles and the distribution of their frequency and has been proved to be a general measure of how informative a marker is [29] ; the higher the PIC value, more infor mative a marker is. In the present study, mi crosatel lites INU055, REN105L03, AHTh171, and INU030 appeared to be only moderately informative (less than 0.50), whereas the other microsatellite loci studied were highly informative. Even in the work conducted by Ciampolini et al. [12] markers INU055 and INU030 appeared to be the least informative.
Genetic similarity within the population (0.412) represented a rather low genetic variability. This value is higher than those reported on other species such as cattle (0.281 [30] ; 0.374-0.420 [31] ) and sheep (0.318-0.370 [32] ), but lower than that reported on Bracco Italiano dog breed (0.455 [12] ) and on an endangered donkey breed (0.489 [33] ).
With the exception of the values reported on Bracco Italiano dog breed [12] and on Amiata donkey breed [33] the values observed in our study for the mean molecular coancestry (f ij = 0.348), and for the inbreeding coefficient (F i = 0.357) were clearly greater than that reported in literature on other species such as cattle [31] , sheep [32, 34] and horse [35] while the kin ship distance (D k = 0.330) was smaller than data reported in literature. The observed values highlight that the low level of genetic variation have arisen as a possible consequence of mating among relatives. It's well known that the management of the farms is the reason for high level of inbreeding; in fact breeders often use this mating method with the aim of enhanc ing desirable traits.
The author consider that a regular monitoring of genetic variability of the population is important and must be adopted, in order to avoid the danger of an excessive increase of inbreeding in the future, which would result in significant inbreeding depression and in significant loss of genetic variation.
